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The genus Volvulina was described by Playfair in 1915 with V. steinii as 
the type species. The validity of this genus, however, had been questioned 
by several phycologists (Pascher 1927) and it was established by Pocock in 
1953 through a re-examination of the preserved type material and a cultural 
study. It is one of the less common members of the colonial Volvocales and 
is characterized by having 16 (rarely 8 or 4) lenticular to hemispherical cells 
which are embedded in individual sheaths. In addition to V. steinii , two 
species, V. playferiana (Skvortzow 1957) and V. pringsheimii (Starr 1962), 
have been described. However, neither species of Volvulina has been reported 
in detail from Japan. In 1980, I had a chance to collect specimens of V. steinii 
from Kanagawa Prefecture. The present paper describes the morphology and 
reproduction of Japanese strains of V. steinii observed with laboratory cultures. 

Materials and Methods Soil samples used in this study were collected in a 
paddy field at Nagae, Hayama-cho, Kanagawa Prefecture in December 1980. 
Clonal cultures were obtained by the pipette-washing method (Pringsheim 1946) 
from petri dishes in which a small amount of the dried soil sample and a 
boiled pea ( Pisurn sativum) were rewetted with distilled water. The cultures 
were grown in screw-cap tubes (18x150 mm) containing 12 ml of modified MS- 
medium (Nozaki & Kasaki 1979). In addition to this synthetic medium, soil- 
water-pea medium (Starr 1964) was also used for observing the morphology of 
the vegetative phase. The cultures were kept at about 20°C, with alternating 
periods of 14 hr light and 10 hr dark at a light intensity of about 4000 lux 
provided by cool-white and pink-green, fluorescent lamps. 
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Colonies of two complementary mating types were mixed in a watch glass 
supported on a glass triangle in petri dishes. About 5 ml of distilled water 
was added to the bottom of the petri dish to minimize water evaporation from 
the mixture. Heterothallic mating pairs of strains were obtained by random 
mixings of ten strains from the samples. 

The method of oospore germination of Chara used by Sano (personal 
communication) was applied as follows: after the dark treatment of 2-10-day- 
old zygotes on the agar surface for more than three months, the zygotes were 
transferred from the agar surface to the new liquid medium in a double-cap 
tube. Nitrogen gas was substituted for the air in the double-cap tube using 
an injector. This double-cap tube was enclosed in red cellophane paper and 
placed under the usual illumination. 

Gelatinous matrix and flagella were observed by staining with aniline blue 
or haematoxylin and/or by using a phase contrast microscope. The staining 
methods of Rosowski & Hoshaw (1970) were used for detecting pyrenoids. 

Observations Morphology of vegetative phase. An ellipsoidal to spherical 
motile colony usually contained 16 cells arranged in four whorls round the 
periphery of the gelatinous matrix (Figs. 1, 2; PI. Ill A, B). The colonies were 
up to 65 ,«m in length. The individual cells were lenticular to hemispherical 
in shape, measuring up to 20 fim in surface diameter. Each cell was separately 
embedded in an individual sheath (a keystone-shaped space) formed in the 
gelatinous matrix of the colony. The structure of this keystone-shaped space 
could be clearly observed by staining with aniline blue or haematoxylin (PI. Ill 
C). In addition to these 16 keystone-shaped spaces, the gelatinous matrix 
formed a small hollow in the centre of the colony (PI. Ill D). 

Each cell contained a massive bowl-shaped chloroplast which was somewhat 
striated on the surface, and had two flagella of equal length. Two to ten or 
more contractile vacuoles were on the anterior surface of the cell (Fig. 1; PI. 
Ill A). Each of the four cells in the most anterior whorl had a single stigma. 
In some colonies, another stigma was observed, in one of the posterior cells- 
(Fig. 2). 

The chloroplast did not show pyrenoids in the younger age of the culture 
(Fig. 2; PI. Ill A). Three days after the inoculation of the culture, however, 
a single pyrenoid, or sometimes two or three, appeared in each chloroplast of 
the cells. This pyrenoid was located in the brim of the bowl-shaped chloro- 
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plast (Fig. 1; PI. Ill B). Using the staining methods of Rosowski & Hoshaw 
(1970), the pyrenoid could be clearly detected two days after the inoculation, 
but could not be detected in the one-day-old culture. The colonies growing 
in the soil-water-pea medium began to show an observable pyrenoid in each 
chloroplast of the cells four days after the inoculation. 

Asexual reproduction. Each cell of the colony formed a daughter colony 
in the same way. Cell division usually occurred when the cell attained about 
20 fi m in surface diameter. Four successive divisions formed a 16-celled plakea, 
and a spherical daughter colony was formed after inversion. 

Following the cell divisions, the two flagella remained stuck to one or two 
of the daughter cells until the spherical colony was formed. Many contractile 
vacuoles were shared out among the daughter cells. The stigma, when pre¬ 
sent, remained attached to one of the daughter cells and at last was placed 
in one of the cells in the three posterior whorls of the daughter colony (Fig. 
3). The pyrenoid of the chloroplast, when present, was placed in one of the 
daughter cells, but gradually became indistinct. 

In the late stage of the inversion, each daughter cell began to project two 
flagella of equal length. As a result, a 16-celled compact colony, which 
measured 16-20 jum in length, was formed in each keystone-shaped space of 
the parental gelatinous matrix (Fig. 3; PI. Ill F). The daughter colony then 
swam away from the parental gelatinous matrix. Stigmata developed in the 
anterior four cells as the colony became bigger, giving the typical shape of 
Volvulina. It took 3 4 hr from the first cell division to the release of the 

daughter colony from the parental gelatinous matrix. 

Sexual reproduction. The strains used in this study were heterothallic, 
and the mating reaction usually occurred one or two days after the mixing of 
the colonies. The cells of the colonies participating in the mating reaction 
were usually hemispheric to spheric in shape. 

The first step in the mating reaction was colony clumping (PI. Ill G). As 
the colonies were clumping, all the cells of the colony were released from 
the gelatinous matrix (Fig. 4; PI. Ill H). These cells functioned as gametes. 
The gametes had the same forms as the vegetative cells except for their 
spherical shapes and a transparent papilla at the base of the flagella (Fig. 6^ 
PI. Ill J). These papillae were varied in size and could not be recognized even 
with a phase contrast microscope in some gametes. 
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The gametes soon aggregated in a clump with their flagellar tips sticking 
to one another (Fig. 6; PI. Ill K). Conjugation of the gametes occurred in this 
clumping. Two of the gametes, whose sizes might or might not be the same, 
connected with their papillae (PI. IV L), and the fusing of their bodies proceeded 
laterally (Fig. 6; PL IV M). The zygote separated from the clumping group,, 
when the fusing was nearly completed, leaving the tips of its flagella (arrow, 
Fig. 6). The zygote was spheroidal in shape and had four flagella, two 
pyrenoids and stigmata (Fig. 7; PI. IV N). It took about 1 hr from the begin¬ 
ning of the colony clumping to the formation of the quadriflagellate zygote. 
This motile zygote soon settled at the bottom of the container, shortened its 
flagella and entered a dormant period (Fig. 8; PI. IV 0). It secreted a cell 
wall during the following days (Fig. 9; PI. IV P) and became reddish brown in 
colour after about one week (Fig. 10; PI. IV Q). This matured zygote measured 
9-21 jum in diameter. 

The zygotes enclosed with nitrogen gas in a tube usually began to ger¬ 
minate within a day of the transfer from darkness to the usual illumination.. 
In the first stage, one part of the zygote wall became distended into a thin- 
walled protuberance, into which the reddish brown content (gone cell) pro¬ 
jected two flagella (Figs. 11, 12). In this space, hyaline bodies were observed 
(Fig. 12; PI. IV R). These bodies are considered to be the degenerate products, 
of meiotic division. Next, the thin-walled protuberance ruptured and the 
biflagellate gone cell escaped, leaving its empty wall (Fig. 13; PI. IV S). This 
gone cell was spheroidal in shape (Fig. 14; PI. IV T) and formed a gelatinous 
envelope around itself (Fig. 15). About 2 hr after the escape, the gone cell 


Figs. 1-20. Volvulina steinii Playfair. 1: 16-celled matured colony in four-day-old culture. Note 
pyrenoid (py) in the brim of bowl-shaped chloroplast of each cell. 2: 16-celled colony in one- 
day-old culture, cells lacking pyrenoids. Note stigma (s) in one of cells in the third whorl. 
3: Daughter colony in parental gelatinous matrix. Note biflagellate cells and parental stigma 
(s) in one of the cells. 4: Gamete release. 5: Optical section of residual gelatinous 
matrix after escape of gametes. 6: Gamete clumping and conjugation of gametes. Note 
papillae (pa) and cytoplasmic bridge (b). Arrow indicates residual flagellar tips of gametes.. 
7: Quadriflagellate zygote. 8: Zygotes resting with their flagella shortening. 9: Green zygotes 
with walls and pyrenoids. 10: Reddish brown matured zygotes. 11-13: Germinating zygote. 
11: Initial stage of zygote germination. 12: Gone cell projecting two flagella into space formed 
by thin-walled protuberance. Note hyaline bodies (hb) in this space. 13: Biflagellate gone 
cell escaping from zygote wall. 14: Biflagellate gone cell. 15: Gone cell with gelatinous- 
envelope. 16-20: Gone colony formation. 16: 2-ceIled plakeal stage. 17: 4-celIed plakeal stage.. 
18: 8-celled plakeal stage. 19: Inversion stage of 8-celled plakea. 20: 8-celled gone colony in. 
gelatinous envelope. 
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divided to form a gone colony, though the gelatinous envelope containing the 
daughter cells swam with the two flagella provided the gone cell until the late 
stage of the inversion (Figs. 16-19). The process of this gone colony formation 
was essentially the same as that of daughter colony formation in the asexual 
reproduction. As a result, a 4-, 8- or 16-celled gone colony was formed in the 
gelatinous envelope common to the gone cells (Fig. 20; PI. IV W). The reddish 
brown granules in the zygote remained in the gone colony, but vanished gradually 
after the release from the gelatinous envelope. 

Discussion My result agreed, to some extent, with that of the cultural 
studies on Volvulina steinii by Pocock (1953), Stein (1958) and Carefoot (1966), 
except for the presence or absence of pyrenoid of the chloroplast in the vege¬ 
tative cell and zygote germination. Although these three authors did not 
mention the formation of an unquestionable pyrenoid in the vegetative cell, I 
clearly detected it not only in the present strains but also in the three strains 
which Carefoot (1966) used (FA-4, SC-22 and C2-13), though his strains began 
to show observable pyrenoids in older cultures. The pyrenoids of his strains 
appeared in four- to seven-day-old cultures growing in synthetic medium or in 
those five to 13 days old growing in soil-water-pea medium. In both Carefoot’s 
and the present strains of V. steinii, however, usually a single pyrenoid 
developed in the brim of the bowl-shaped chloroplast as the culture aged (Fig. 
1; PI. Ill B). Such pyrenoid development in the vegetative phase of V. steinii 
was reported by Korshikov (1938) with his natural collection. It is considered, 
therefore, that the species V. steinii has the potentiality of forming usually a 
single pyrenoid in the brim of the bowl-shaped chloroplast in the vegetative cell. 

The only observation on zygote germination of the genus Volvulina re¬ 
ported by Carefoot (1966) with V. steinii is different from that of the present 
study. He said that the zygote wall disintegrated and did not remain as an 
empty hull. Furthermore, he did not mention about the gelatinous envelope 
in which the gone colony is formed. In the present study, however, the gone 
cell escaped from the zygote wall, which remained as an empty hull (Fig. 13; 
PI. IV S), and the gone colony was formed in the gelatinous envelope of the 
gone cell (Figs. 15-20; PI. IV U-W). With regard to these two characteristics 
of zygote germination, however, the results of the present study are essentially 
the same as those reported in several species of the colonial Volvocales, i.e., 
Pandorina morum Bory (Nozaki & Kasaki 1979), P. unicocca Rayburn et Starr 
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(Rayburn & Starr 1974; Nozaki 1981), Platydorina caudata Kofoid (Harris & 
Starr 1969) and Volvox rousseletii West (Fritsch 1935). 

The asexual reproduction of Volvulina steinii is essentially the same as 
that of Pandorina morum (Nozaki 1980) but different from that of P. unicocca 
as well as of Eudorina and Pleodorina (Nozaki 1981) with regard to the 
structure of the parental gelatinous matrix and the form of the new flagella 
projection of daughter cells. It may be indicated, therefore, that there is a 
■close phylogenetic relationship between Volvulina steinii and Pandorina morum. 

The author wishes to express his deep gratitude to Drs. H. Kasaki and S. 
Kato of Tokyo Metropolitan University for their kind guidance and to Prof. 
T. Yamagishi of Nihon University for the critical reading and correction of the 
manuscript. 
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Explanation of plates III-IV 

PI. III. Volvulina steinii Playfair. A-B, G: Non-stained. C-F: Stained with 
haematoxylin. H-K: Observed by phase contrast microscope. A: Surface 
view of 16-celled colony in two-day-old culture. Note stigmata (s) and con¬ 
tractile vacuoles (v). B: 16-celled colony in four-day-old culture, each cell 
having a single pyrenoid (py) in the brim of bowl-shaped chloroplast. 
C: Surface view of 16-celled colony showing flagella (f) and structure of 
gelatinous matrix. D : Optical section of 16-celled colony showing struc¬ 
ture of gelatinous matrix. Note a small hollow in the centre. E: 8-celled 
plakeal stage in asexual reproduction, showing structure of parental 
gelatinous matrix. F: 16-celled daughter colonies, each being placed in a 
keystone-shaped space of parental gelatinous matrix. G: Colony clumping. 
H: Gamete release. I: Surface view of residual gelatinous matrix after 
escape of gametes. J: Biflagellate gamete showing papilla (pa) at the 
base of the flagella. K: Gamete clumping. Arrow indicates residual 
flagellar tips of gametes. 

PI. IV. Volvulina steinii Playfair. L-N, T : Observed by phase contrast micro¬ 
scope. O-S: Observed by audinary light microscope. U-W: Ink prepa¬ 
ration. L: Gametes beginning to fuse, showing cytoplasmic bridge (cb) 
formed by mutual papillae. M: Late stage of conjugation of gametes. N : 
Quadriflagellate zygote. O: Aplanozygotes before secretion of walls. P: 
Two-day-old zygotes with walls. Q : Reddish brown matured zygotes. R: 
Germinating zygote. Note hyaline body in thin-walled protuberance 
(arrow). S : Empty wall after escape of gone cell. T: Biflagellate gone 
cell. U-W: Gone colony formation. Note gelatinous envelope surrounding 
plakea and gone colony. U: 2-ceIled plakeal stage. V: 4-celled plakeal 
stage. W: 16-celled gone colony. 
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H. Nozaki : Volvulina steinii 












